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PR EFACE
tz 'IllrP~se Of t his Ilfn(Il~o~- is to bring together in concise form

hbe principles hi: the art and ice science of explosive train desiir.
ThE~eiinOeln Ito priniary *~-eof these data, as they have been
~'tered amowng a large' nurr io f sources, including letters, speci-

ficat ions. andI~ private rioteboo!-,
I n thfe !nst 20 --fars manny ioii~ishave tconcerned themselves

wit h ordnative dil; i Diiriz, "i Uw W 'i.-r HI certain scientists, par-
1 tivlarly p)IV$Iilt8U 1( pbsW4-ems, becamne intecrested in the

sci11i1i1e Of thle ~nt~ nof 01, i-; ,ar' :oiidue'" 1 valuablis experit-

Jinents l oth tlinrretv~-A !indtIc. .. j 1 .& .. r, Inance. rinese ~
dataI, as well a., futndamental facia u." eci have long been knownm, arc
prvf'sente(I in this handbook.

W~here possible, an attempt has '-ia madch to establisi a connection
bl)'w(Pfl the art and the sciern't. £_t will become obvious that the
art has tho- aidvantage of a great ~:Istart over the science. For in-
sinie. thc properties and pre ,rAton of mercury fulminate have
beeni known since the year 1800': f.r c certain ordlnance purposes this
material hies not. b~een supplantel- ahiung the le-st century and a hall.

A further purpose of this volume ~sto uncover serious gaps in the
art. as, wvell ais the sciene of expfc'ir .. train design. The gaps will be-
COMP OhIvioti in perusal of the h. since it will be noticed that the
-iatirini in varions spots will fall -qlw-t of the &-,signed goal of a com-,

'edescription of design prniejp .
It is hoped that, by Ilse of this liandbook the design work of those

Di lrf'ally acquainted with the field will be facilitated and improved by
11llowing the designer to review th~w entire art in one paclkage. Fur-4
flk. this handbook is intended to help the newcomer to the field to

aciplithdi(esignl work with a ininimn of false starts.
The(!o~trbt~o~to thiq handbook vi.x indebted to the Bureau. of

Ordtanee f'Or Iinaricial support. The Ilst, of acknowledgments of
holpful advice and criticism wommhi i.-wiehup C~ho folletwin c; c:- W

Booth, 11, .1. Burke, A. H. Erick-.,R. L Graumann, A. Lightbodv.
Ni and 1). E. Sanford, all of the Naval Ordnance Laboratory staff: and

N. A. 'M nO .t"od. of Old and Barne-s, Inc., Pasadeia, Calif

CONFIDENTIAL
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3-3 "Arct of Ixitfct .irei..t y Ii I tr srilrv t4i Firr Sim

MIetal Pri3f1 ri

1--33 T'ngthl-Diaieter- Itek' "teir ff'r itW-r i'rji*-rc 1%il TiIi#lie

Wire antl Lead Styphiiiate.3

Wire '~L-i,d Stvidlilatc.3 1
3-35i Effect of Dag ('ocelut rat in oil Fir~i i cf ('rhlge Priln.'p% 3 -W

4-1 Eamples of .pe -I
.1-2 Two) (;vziral Tvp~ 1 '4ttlh iOv:onatcrm 1 10
4.-3 EtTet of lxeaditg Prt.cjsiun oil t he -I-.-ii-itivit y of LearI A,,!?4f- Priti- -

ing NMixture, Te-st Set Mk 13r,, 2..Otiule. Rall -I

F frect of LoaiisgPetr.~ h Seriiity of N(! o 130)
Prlnilg lilli ,Test Set Mlk 136. -ue*Bl..13'7 4-5 Fer~tricIDetonattor Mk .16Mwo 0 lhne - tI

V~arious Ty'pes~ of fDep .-tv.

ing Posit ion)).
Time: 0.033 (±0.0015 Se ol (.
Loading: 0.0Or-am A-5 Black Powde-r, I.4pfded 1h Thlare ji Sijngl(.

Increment at 81,000 1)q
Application: Nat,, Bpu fetoliatiig Ftup Ntk 21 AWod I HiiOrd

Dr-awing 2255... . . .-- --

3 elY TjC: Column; Obturated:. Witnti l,it
T ime: 0.3.3 ( + 0.0,5 - 0.03) sfeeowi(
Londinix: 0.0,) Gram 4-55 Mlark TWowde' r sdc4 , Pae

Appiieafjon: Nav y Bomb Fuyem Mk X XI Mod a arid %Mk X X II I
Mod 2. Butird brawjngg 2341553 and 215L.

5-4 !)ejayTr pe: Coljunizi; Obtirated; With Ilat~e.
Time:- 0.010 (+0,002-0.0015
LOnding: 0.025 GiaiT Meal I) Blark Powder, Loadedin la inj

lsjiig~ In1crerilfnt at rm5,Wfl psci.

i~ bif WiF Ni i Ii~iL
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Applieit ion: snvi' Bomfb Frives Wk 221 and MIK 223 B!10Ord
lDrAwirigs 20f1618 and 202619 ------------ ------- ----------

4- Dea Type: Coltimn; Oh izrated; Without, Raffle. I
Loading: O.065 Gramn A-5 Black Powder, Load1-d it) Ilaee in-

Single Incremnent at 60,0W0 psi,
Ap~plicationI: Army BaseC Detonating Fuzze M3.I'

Army Or-dnanice Drawing 73-2-181 ------------------------ 5-7
Dea *'.: C(...l!.: Oborted;I WtH~hout lflfln

T'ime:
0.010 Second.
0.02-5 Secon#d.

0. 100 Second.

Loa~d ing: i
0.005 Gri A- 5 Black Powder.

.06f; G;ram A-5) Black Powder.
Each Loaded in) Place in Single Increment at 60,000 psi.

Application: Army Bomb Fuze AN--MIOOA2.
Army Ordna~nce Drawing 73-8-3 ----------------------- 8

5 7 )Dlay Type: Columvn; Obturated; W~ithi Baffle.

0.0-5 Second.ii.i.SendI

Load inIIg:
0.033 Gram A-5 Black Powder.

.0416 Grami Black Powder (Approx. 80 Percent Slow Burning
Black Powder and 20 Percent Fuze Powdler Type 1).

E*ach Loaded in Place in Single Inicrement at 60,000 psi.

Army Point Detonating Fuze IN48tA)2.
Armiy Ordnance Drawing 73-215---------------

4,-9 Delay Tlv:p: Column; Obturated; Withou~t Bai~ie.

* 'rimew: o.041 to 0.0f) Second.I
Load..g: 0.032 Gram A-5 Black Powder, Loaded in Place in

Single Increment at. 125,000 psi.
Application:

Army Base Detonating Fuze MOIO.
Army OdaeDrwn7--6..--- - - - -5-10

59 Delay Type: Column; Obturated; Wt afe
rime: 0l.010 (+0.003-.004) Second.
Loading: 0.031 Grain A-5 Black Powder, Loaded in Placa in

Single Jncrement. at 73,000 psi.
Application:

Navy Ba.se Detonating Fitze Mik 19.
Bi iOrd Drawling 206'" 1. -------------------------- 5-11

5-10 Declay Type- Column; Obturatiied; Without Baffle.
Thie: 0.25 Second.
Li-ading: (M.I I Gram D--55 Black Powder, Loaded in Place ini 3

Equal Inc'remienits at 651.000 psi.
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Load in sz:

A-7 Black Pow~der, L-0-0d' i'iVie -z'I, S11,4 lul#tI 'v-1tto ak

68,000 psi.
Annlicatioti: Armv Artillerv Feiiy NIS Vititage Armv Orviaanc'-

Dbrawing 73-3--;-4~. .f
Z-12 D.elay Type: Aresiut'v; Vented; With Baffle,

Time: 0.00i t , ".3 Seccond.
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T iml-e: 0.002 to 0.0% Sfcowl.
Loading:- 0.G73 G;ramr A-5 Miark Powder, L~ei4l iiirar 0,i'

Single Increment at 5.00 pi.
Applicazion: Navy Experimewntal Rocket Flue. NOM, Skptcli

154M .. . .............- - - 5 1
5- 14 Soe eri entesgn FeaJtuares4 of (kohamrt Type Detav Body

ly1Typical LoAading TwAo....................~2
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Chapter I

INTRODUCTION
Problems of ExcI .;ve- loaded Ordnance

(-)i Apr-il 24, 1862, Geri. 1). Hi. Hill of thle Corifede-rate Armyv wrote
thle following blinit note to his Secretary of W~ar concerning certain
;)ro Ins hie %%als hafving wi~th lhe explosive tr-ains of his day. ''Th ere

11nVusi 1wsiletl Ve'ry rot t 1 in Owg C)'-dntilarce IDepartm1 erit. It i3 at
'~aike onerr t~riigoit ndI have on een afraid that there was

fotil phi thevre. Ouir shells hiust tit die moth of the gun or do not

o ne N-"'ir Inter tit tie Bat tle of Clionceflorsville, an artillery clodef __

re4por-ted 11l111 oil the basis1 (if carefuil ob~servat ion oly% one out of every
fi ft een of the shiells tat wecre fired ('xIloded tit all. "'I was compelled,
ti tcl elosely the (fflect of all of the project iles,"' he said, ''as if we
%VV'IT Using (ent irely solid shot."

By 95 performance of wanunun1itionl hadl been1 8somewhat improved;IF
hiowe-itvei-r, in the miost significant, navall engagement of the Russo-
JaaneI1se writhtea, nieythe Battle of Tsushima,. it is re-
por-ted( thalt oneV of tie mnost, important, factors leading to the utter
defeait of thle Russial Fleet, atr tile hand(S of thet Jalpanese Was the failure
of thle lRussitin fiizes to e'xplodle the projectiles.

TIo bring the story lipl to the present, it can be stated that the
flinid ionilitg of explosive loadIed ordlnance is in general quite satis-[
fact ory. 'I'king o xmlatarItfamnto dia

I Ii isity, n frwarding to the Unders.-cretarv of tihe Navy in 1945a

re1Coniiiiciidat ion that. a Natvy fuize designer be given a special corn-
Iien(Ittion, stated 1140nan ammuitnition which was produced to tho 9
extent of 95C., million rolinls during World War IT, functioned better

itani 99 percent in ballistic tests."i
ltoiunds of tiamunition of nll categories, perfect in all respects, were,
howver sIll unavailable in World War II. Much in p~articular

r~emains to 6. a(.conil'lished il (developing explosiv4 trains capable of
wit list finding severe suirveillance conditions. Following thie born-

Pli ineit s of certikin at olls in the Pacific iy 11'. S. Naval Uniis, it wt ,s
ini somle inlstance's dlisconcerting to note that not all of the ammunition
wv it,; to miaximum111 effectiveness. In "'Comments onl Arnpli bionis
Operaltlus" (latedI I ]NIntch 1944, the followving st~atement a~ppear's:

henext dvt11biitpe of imalfunction. w~as the duds anid low order
(lett ililt ions, liot~cd oil all the islnds. While the number of dulds fomid

.. . -. ..iiil fltn11n~. . . . . . . .. n
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From the example, cited, it is evident. that the problens of explosive

loaded ordnance are of long stanintg. The soluition- to stivh of ths
problems as involve the explosi ve rain are the prOvinve of Ibis hook.,
Actally the art (and the term is used itdvi.g edly) of explogive traill
ev'sign is in a well-advancedl 0-cge at- the pr'eseu( wtne. Not only hftve
the on-target p~mi "record, been~f raistd in mos~t rases to figtirv*4
above 90 percent, but in addition tt, ,;afetv record,,; of ordnance 'have
been greatly improved. For -Anstnflee, (luring Worldl War 1, arninuni-
tion that~ gave no more than ri:w h)orv. preiiature in twenty thouiandl
rounds of firing was cof~~ o be tnhovt it gNXd as cold be expected.
In World War Iii wit ;or example. .5"38 bose-fiized aimmunitiov,
bore prematures occurred at the rate of less than ofcie in) one million
rounds.

Scope of This Handbook
Ordnance design is a field of broad extent, aind iii it thle tnwarv

author is likely to wander far afield unless hie marks guit for himself a
sharply defined domain. This hnnd(ok c*overs explosive Irains wt
applied to the entire field of explosive loaded ordnance. In eve'rv rasw,
the discussion is limited to ili explosive trair.-. For instance. there
is no discussion of the sources of energy, either electrical or Phet 0itu,
which serve to trigger tbe fwyw. of an explosive loaded round. There
is a detailed discussion of the manner in which the sensitivity of a
stab primer is affcted by tile ueigh't and velocity of the firing pin.
There is no discussion of the dletails of the mechanism Wich moveg a
shutter contsinir.g a detonator to arm or (lisarm a round; but. there is it
detailed discussion of the way in wvhich the probability of firing thle
subsequent element in ie train is niodifiedl as a functioin of thir wanout.
-) dislocation of the detonator or of interposition of air gaps.

The explosive train desig-ns; treated in thtis book are applicable
D--maxily to bomb and p nr-itikcfuzes. Howmvr, thn an'b ha~e

principles may be applied to a wide range of explosive loaded ordnance
items. The following list of sueth items is not neeserIly Complete.

Gun launched projectiles of all calibhe rs.
Rocket projvtiles.
Bombs.
Underwater ordnance such as mines. torpedoes. and ('dpth charges.
Projectiles of advanced designs, including seif-propelled ind

guided. missiles.

Decrpton Of a Complete Explosive Train
short over-all description of the explosive tri'MBaeFz Mk

21 for major caliber projectilp-1 idoeel.( here ;nl nrdor m, vivp the

newcomer to this field a comrehepmsivo~ vinw yhhh niohyi nt

r,%.rrrhT AV I

BEST AVAILABLE COPY
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othewis 611~inE~yreadng he etatleddiscssins f th vaiou
components w V

hichappearlater Th ucino hsfz i ontae

oxhlrsive tain byd rhedigchnca detreisios of the arnciousng
ar tomoucetspo which appea , lar The cnton ofia thisembly of iathe
fuzlwih as dmayofne o.n hall rafer i fpcrwrh stelan platepc
aainhighre ireplosioning the s,.~ 'ie of psjetile prmr to i6pines
t n diarin i. ASe cros, eio -I as 1-e2.2)i ho infgue

The tab prime. Inetis ne for meaciption atenstinisy centedion the
implotsit tais and the mfcangicaislofates ofithe upri uncption

coi, wich o is j mouted on ailea rcs, rinavc forward n 2(plate impa,

aga~int. teticr eep pring, cab.s'6g the stxbprimer o tismige
hefi pin.y (Scen rimer> aing pi-2.)edly lmetprmr

Thi st primer lodesed forh aimgmixsenesiity to ntiatonson

iffert witm th staprimfetrigp is lwoaded-s withly apiig copsigin

sI ongr ad s ot pti). 2S3), duingi~s acuioa caract),eris cehic

makes" possibdel elmnenaprier of iring pin in the ey element, rie
drlay prlleran sodly, wit as riingmtren lsssiie to imhact e

itha te tab) primer.ecp hti osntcnanla zd.I
Tife ht ge from the absio primer pet~ epct;frst ithouig ise

btroner and inite thpuneek powurdlaytuation, aichactrs which

the reproducible pressure conditions which obtain within the delaty
housing, ith a delay time of 0.035 second. When the black powder
eleinei, ha-i bured through, a spit of flame impinges on a lead azide-
loadled detonator; a true dletonation develops and progresses succes-
sie1v tirotgh 11im. tetry-loaded lead out, the tetryl-loaded booster
lead in, the tetry,-loaded boa.ster, and the main charge of the shell,
expliosive 1) (ainunoniurn picratte).

('ern vuiugeneral remark~s may be miade concerning this Pexplosive
train, which hold in general for any train. As one proceeds down the
raint, the size of the elements in general increases while CUMes-

tiitv oinitiption Fo~r~~Vr mnatna. n 1 a -- r, wA %At V

Sa"TlSiti vitVy we linve3
(a) Priming mixture.
(10) Lead azide.

(d) Explosive D.
As lnmpied In the word "train," each element has, two ends and

CONRDNTIg
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OL STA PRIMER - -

YELEMENT PRIMER
F-Iii a,

oE L AY ELEMENT PRIMER

NOSE CAP

APN'ICREEP SPRING

@OOSTER LEAD IN

LEAD OUT

IWAANJCHARG
DESICCANT UNIT

AUXILIARY PLUNGER

Fioure 1-2. Base Fuze Mkc 21, Firinq Position. Sectional View.
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crncomnitant with this 'fact has twvo -haracterimize, an inpi.,t chbare-
terstic and an output charneterimtie. We characterize, for instane,
the ptew ion primer with regtard to its input characteristic by its
drop weight sensitivity, an~d with regard to its output chardetei'zi.tic
by the number of c,,ories of heait which It devvlop) oni dolagratiori
and which appear in *ts output flame. The leadc fk7ife (Ieltotr is
characterized on its input end b~y its fmesI~u~~t a e~rd

. for instance, in the oxy-1hydrogert bomb appariatzs (1scribeI on page
- 9--N~ and on its~ oiutpnn end by the petak vr'K-sure developed at Its

detonation front where it contacts the succeeding clement in the
train.

J.

t U j
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chapter 2

*HRCEITC OFEPOIV1RI
MATERIALS

Explosive 11111 uIriaterials liave file commnon, characteristic o Ifbeing
rap'tifJI of re-ainig, wh~en properly initiated, with the evolution o!
corisierahie enlergy Th~jis reaction (does not depend on the avail-WI_4 d~ilif V of :____ V owFIf 1.IIe;. ;' v'r~jh-o lorfeinc

Ibe fiuade tol (wv ii' ill liq~;c.h ealedl components.
nut~ mterials; ised In explosive trains may, for convenience of dis-

i'lissi0Y1, Ile dlivided~ into explosives anl delay mnaterials. Explosives,
it) reneral, rulaet more ra1pidly ti anl do delay materials; however, in
tll. ca1M. of siIIrI dlelalys tilie dIilr(T('Iwe iTrt-iict ion. rate tends to dis-
appear, and fin 'W01-,4 CR~S(I a1 single miateriali may be mnade to serve
b~oth purp)oses.

1'roin the sta(idpoint, of coinposition, explosive train materials con-I
41- of iln ox*intli (oxidizing" nIaterial) and a fuel (oxidizable material),

h1eld in mintinine ~onltac(t inl it mfetastale condition. Delay materials
usua~lly consist of rnechemnivil inixtutres of oxidants and fuels, in theI
0i-rn of fine( powders. lin the vase of explosives, the oxidant and fuel

'11 .ir uliv incorp~orated into at single miolefcule, so that explosives are
iiorially liornogenouis niateria!.. There are numerous exceptions to
Ihe llove genieralizat ions, sinee a pure explosive compound may be

a1NIis I! delay nI)Itei'ial, whlile explosives may consist of mechanical
mixt iures of explIosive comnpounds andl/or oxidizing and reducing chem-
icals. 11)thIIer ilia t eiiis iay be add(ed to imipart special characteristics;
for exanijde,, wax mayv !) added to a high explosive to decrease its

'Section 1 -Expksives
Ani exjlosive many beC defined as a metastable substance which, if

activated b~y an external source of hieat or shock, dlecomposes spon-
taileously to prohuce a large, amount of energy. Hestzlts of this de-

cliJ)si(ioi are thme suidden prodluction oi a large volume of reaction

gases att highm temnperattire and at sudden rise in pressure in the im.-I
n1E*iilatt. viemnitv. ihstransforination normally takes place in a
pe4riotd of f ite order of a, few mnicroseconds.B

Ali explosive iniy beo regardled as at material containing storedl energyK
andi capab~le of releasing that energy upon activation. From the
stanrd point, of thenohensry, ILoe energy released is the difference
iiewi~sm 1ht. henit, (if formation of the original explosive and the heat
of forrmi Iimi of the products of reaction.

CONFIDENTIAL -
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lFroillflu the utnrid iint of use ili explosive trains, it is convenient to
divide e.iI{,si 'i's ink) hiree (iass.; primnhirv explosives, prim,,ing mlix-
tiTP5,. anit(1 lligh vXj)Ofi yes.

Primary Explosives
'Ilvdist ingiiisa chi diat erist of 1primary explosives is their ex-

true sef iil to lieu!t or shiock. '[hev nre the most sensitive of
__ f~ ( S '~' yLl-le eXVlosIives Iand. vithier as puire inaterials or as ingredients of prim-

Tabl 2x . 1' yh 'trig'psto nepo'~ i i nn:-, voiijt .u,,?r explives by thei most

widl l ace'P! ( Jiallies. 'lt ral(eri and nitroiannit e are included in
his groupl, :0i liough IllaiN of hevir characteristics are similar to those

S of i lle ii -iitXlosi vts. ( ht'nii1cM 0and phyrsical diat a are ineludedl in

Oxyge.~ balance is expriessvd inl percent and represenits Lhe excess

or d~cvkof oxyven is 'omnparedl to that, requlired to convert One 1

cu,o tt v"~arbon dioxide and i tfh) hdrogen to w~ater. Nfathteraticaliv

4; If I (U) 1irls the weig~ht (gratrns) oIf excess or deficient oxygen p-r
"111it 111"1,ii of t'xplositt' dividled by -!e molecular weight of the comn-

pound. This, is a nteastir' of the extent to which the molccule is
d~ila-1ior overi v riill t if(itiint ooxgnnecessary for ft~s com-

plet e devolmposif inn.
Exposve haactriti's P-tte iv~ Tuble 2-)include the sensitivityj

at rid the1 '41 rigtIil, or, power, (if fte explosive. The sensitivity to

illpqtJ~ ree. to tlI p'5c'n explosion height ob~tainedl on the ERL

TA;'it;T 2 2. Er;,1wnirr C'hitrarv(crimtics of Primnary Explosives

I kefererive rtiiiret at hell of columnslInd !~tlcute sourms of dama]

Nca~l. Nnsi. Thermal properties
tilit ty to t KClM l.2 )Strength. 'sad test

~l. 4impat friction4 ~ai.Gm. sand finer
machine; adde r eat of Heat of Heat of asdir- -0ms

no*. el. co - rorM- explosion presure I ~
*;gh lfltI0 utIH.) 4-t (-g.b/q f . 1 1.0 i;..

LndA i140 1) 3.400 14.2 X .0

N~~. itrin p-t 79 ) +160. 1 637. 5 ...... .. ---
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tyvpe .3, DProp.wVigt, Impact. M\achln.T. yr fme~~.~'

cahle tz the more sensitive explosi*, i.4 dtqeri.dN iii refert-nee~f

Friction-sensitivity v. us were obtained on the Itrit fMiiType B Penduimr Friction device desc4rihed in referryir c t,1. I'll,
represent. the maximium weigh t ignims) added t4) the peimlimi rnmlw-,

from a height of .51 cm. for which "no exphx ouns- were olhtnilled it, )
successive trials. A samnple of 0.02 grain wns t:vwed for eine'b test.

Thermal properties. The values reportqd for heitt of forzinat01)
(H.~) and heat of explosion (11.) were derived fromn reastired vabies of
the heat of combustion (11,1 (ref. (S). h atrvauswr ,
M.1med to have Iven obtained in) an oxygen bomb witi, thle water
formed in the reaction being rot Ien."I tU the liquid state. 1n
calculating the heat of explosion, it- was as,,qumied that no itinopheric
oxygen was available and suitable correetion; were applied incease of a4

N ~deficiency of oxygen. The -len t-of-exploaio-n d~fa were nlao calcula ted
J, on the assumption that any water foriried ky the reaction would 1W,
V ~present in the vapor state. In estimating the 1)rod-,icts formM, by the

exl oxye (3) i.7e ooiiz ' oG
The sheniroeng h oppar the niplosives N71.v

29ian q( aity Ah efi e yeigt; f m th o xidizeiheas reion a O.

(4)Anytioxn ete over ron )iusd tor uryi- fumt C...
ad edstyphestent dofir peue at4 -. ,rilt. Iodt e

denitis ae rpored rapicaly n ies 2-I 22 -,d 11-4
Th repted vale OeredeeromirneltnJ~C~utd in the Bra fsenmN.2

an iusky wer obtaine wneightni of the explosive, .1eme inh N
Rdatr u a 3. inc e lon,e intatdwiha ed id'he. Thiiunedr i etw
inrerencsued wi6),e EetokC~it' . f ~hltJ

of 1.6inegdycles

azide,~ ~ ~ ~ ~ ~~~~~BS AVAIABL Ctpnt.addaointoh10 i'vrOPYlad

deste are, reotdabclyi iurs21 12 -,ad24

repciey Nava Ornac --. 5to~y dai rsne ntea
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Primina Mixtures
1,111e prim~ary explosives are iot sujitabtle for use as initiators ifln

mnany applications. In order to inodify their charaeteristmcs, variouis
nnateritils arie add~edi and thorouighly mixed with primary explosive-;
to form pritning mixtinres.

Tie following fouir inethods are coIrnonly einloyCe to impartI
partici lar characteristics to priming mixtures.

Increa.-inga snsiti vity. sii ie most explosives have a low oxygen
7balance, the addition of oxidizing agentssuchi its chiorates or nitrates

will uistual1 increase t he sensitivi'y. In the!gas" of priming mixtures
1111t St edI by tJhe ac(t ion of stab) atnd nrepqczsse V-4-~t p;

Such lits grouind( ghts"' w- in;.ru u~my be addled to increase the
senisitivitY. -The addition of it smiall aniount ( per~en t or so) of a

Sf']S'j%(' riar. eplosive stich a.s totracene u iii often increase the
sens)itivit!y of at pruniing uunuX11re.

Increasinz output. The output. of primir !9ivxtures is usujally
muulgiwnted by the addition of fite~ic.I tiichid oll ftCi'1V " 1

lead :iilfoyanate. The Coriner fnel also serves as an abrasive. Since
mlost explosives hatve low oxygen balaitces, the addIitionl of fuel to
priini!Ig uuuxtores is uisuallyv aCCOMuuliM~ by a suitable amount of an
oxidizing iigcnt. In some case%. the addition of tin oxidizing agent
iklon)' will increase both sensitivity and output.. 1igA explosives i5 h _

a., RiDX tind TNT are also 11114d to increase the output, although
thise iaterials prob~ably do riot detonate whien 1.se(I in this way.

Loa ding binders. For ptirl1oes of loading by the buttering process,
priming iniixtiures ini be wetted by a solution containing a binder.
After the solvent evaporates, the mnixturie is held in place by the
hinder. Such hinders are often explosives such as nitrocellulose or

r1"ostarch., uised wi (ii sui table Solvent Is such as btyi acetate.
Improving eectri.-al conductivity. It is sometimes desirable to

make prindirig miix tn res conductive, either for purposes of electrical
initiation by currents passed through the mixture or to decrease the
seflsitivityv to static electric discharges. Powdered graphite and
volloiduul zuwtal powders h~ave been uised for this purpose.

The comnpositions of cujrrent, U. S. Armny and Navy priming mix-
tures tire presented in table 2-3, together with an indication of the
ty po of device in which they are usedl. Comparative data, on. the
s( fsitiitv and ontpit characteristics of these mixtures, wvhen avail-
toble, are lpresen ted( in sections of the book dealing with the respective
devicees.

C..ONMiENTIAL2-
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- wi thte cba rtwtI'-ri.t iv of low 4virtsitiv itv to I
genorgdly moi re sn 4111 jJi~cfdIar .

atv xnl iveor eif notlier Ii~i~li~ F~
.,,Jjjyt Sensjiir v to ulw twz %vell wI, in t heir r,.i.

ezpolylve-4, iw4 lkil.t '' Vji0Si eS Il ITI ll'r 1111i'd
tWwithot cxii ir l wei igizlt widuhit fhilk. 'i

:.On physical propertwis, expio,-ive churneterstirs, antd
oterisLics iof it aubwr (if 0,1 IOOIP imp1Jortanft ljig~'

~j~pT~11td WiA- tal 2 ($p11,19pis
*.0 cnssed te hei!~ inthno

iS6-a wniubor of jr' moe omonhih xp.svv

odrof their irapact, scsitivitwips. Th'lf vatijes for hooster hlens4itivity,
briance, and rate of detonat ion ate dependentt. onll oriing (lC~isititbA.

The eenities entered in this tnble maty be imiifnrmlv obtained, under
good loading conditions, for the formus stnt e*d I 6w the usutal densitiel *
obtained in produCtiLon~grn-f g,. o"" ', t. st lw o
the,~ cited valutes. The values reported are hvniciul of thou*. current! ,
being obtained. Additional daftat on londingif sufe will be fotind
on pages 2-24 anl( 2-2',

Oxygen boaance. The Signticiveci of lhf, Ox.Vvti 611lance dantait
explained on paige 23

Booster sensitivity ii, expressewl ns the length if) irwInes(- of it eylinder
of A2rawnx B 1s" ifeheA in diameter that will fitil to trunsmit, (ltoila-
lion. 51 p(erc( W of thle time from a tetryl boiost er I inc-hes in, linineter
and 2 iches high to a cylinder of a particular expulosive 1,4, inlches in
diameter and 5 inches long. The test arrangement is. shouwn on pakle
7-10. Table 2-5 gives; the booster sensitjvil-v of 13 coinmonly useI
high explosives.

Frisanc',. b-~ the "hnt(IderIt i ig f ost, is4 vxprok441-f as n ratio. 1,t is
khe raftio of the na 1,..9f 'sbpt of dlent. ini rold-rollegl sreol product-d ky

he ex losiv at t w irdica 101 de j40-v to th e a venim dept! i f dna
producedl by vast TN! tm es f 1-60~. Thep tet. ;wrmplv, caas(it-
pressed(1 j a cylinder I nchuefes iII diif{t er anid 5 inches., bulg, Ii)wascd,

is lredon aligtly realed, squarv, cold-rie st t'ei plalte 5 ittep. on F
ie all /A inchles tbiek. The chlurgt! is; init~iajt(i witli it No. S

captII7 an fid tvw- 10-grin1 t t ry Il~ose
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Detonation velocities (meters/second) are given for each explosive
, . at thlen diSity and form stated in the table. All charges were between

S1.6 and 2.0 inches in diameter (the majority being 1.6 inches), and the
rates of detonation represent maximum velocities for the densities
given. The velocity is a direct function of density and changes about

, :70 meters/secmd for each change of 0.10 gram/cc in density. This

relationship may l)e used for estimating detonation velocities at other
i, densities.

Power, as determined by the Ballistic Mortar, is expressed in terms

I of percent of t(h value for TNT. This test was designed to evaluate

approximateiv tht total en,y from the explosive. The use of the

mnortar is dhscrilt(, in reicrence (12).
Impact sensitivity measured by the ERL type 12 machine refers to

lh'O 5pej(re('nt explosion height ol)tlained at the Naval Ordnance
Laiboratorv on !he )rop-Weight Impact Machine, adjusted to give
S iiETN the indehx 10 andl TNT the index iui. This machine is de-
(, ibed in refererce (2).

Thermal properties. The values reported for heat of formation

(fit) and heat of explosion (H.) were derived from the mcisured
values for heat of combustion (11,). The methods used to obtain

I lC FE.2
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Mo De an Initer PO~'r

-- rq Or"m gpq_---*4 .. Wd- ~~ o ers' Id1ark 11owder, and oth;-i

'~ :' 11 tnuAhng diaraicteristics of gn1!$ ti'l3 fll giers
j '~'~; ombution products are normally solids and that ft

c4ziit of gas is fornied during buining. the . rr k

1A~ i4O1Yed in the form o a mixture of dIrv powderg. usgually
* vtps~iioSize. The mi'xture! is presced into a (hit-Iv cavity
It 4#46a$4g prokwues in the- neighborhood of 3.5,000 psi, Binders are

i~t ~~onWeipl ,d btecause the% tend to fOrm! 11"PS ('lt1-iig

h ~ ~ ~ -11- TbrI~ omdi h l~yaiv by the pressedj powder

has suffieient strength to 'withstand- ordinary ha ndling during trat-

portation as well as low acceleration forces. 1I()we%-er, when the
magnitude of the arceirration foree-s apinrotiChes those residting Ifrom 41

setback in medium caliber proji'c,6ife. the press-vd powder 11sually
must be suipported mechanicnlly at the ends of the debiy envity

Gasless igniters are used to tra ns fer ignition from nu initintor to
thle delay mixture or from the (lelav jIiixt ore 1tojixlosv hreBThe igniters are easily ignited ail their heat of comibustion Is wunaly

Sgreater than 3.50 cal/gm. (refs. (43) tand (44)).
F33B. This is a red powder manufactured by the Catalyst Re-

search Corporation. it is composed of 4! poeent zirconium (Zr).
.~- which serves as the fuel, 49 percent iron oxide (Fr.103), which serves

aih7xiizn agent, and 10 percent suV"?floss (.SiC) 2), which is
an inert ingredient whose principal function appears to be to decrease
the rate of burning. There are no othler kn'wnx inainufactitring
specifications. F33B has a drop w!Vight, sensitivity comnparable to,
that of lead azide, and it has been fired by body static electricity..
F3,RB can be initiated by standardl percussion ptners, Ps well as by A

black powvder, and glows upon initiation, forming a solid Ang.

toandlthis tendency appears to increase as the quantity of F3311
is 11m01a . It is usulallY advisable to restrict 111W possil~ls ,love-

~~ mena Of the igniter after initiation to insure it~s remaining inl voftlttc
with thle delay oi- exploqive charge which it i-s jiIlteI1(ll to jigilitv.
Tile storage qualities (44) in brass and stainless tmi Cq d it I'

(79d, and the heat developed upron comlbustion til e neighbonr-
hood of 500 cal/gm., (44).

rC 0- Pr11 cI1Ti ILAt
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Z-3 Igniter. This is a green powder composed of 25 percent
S zirconium and 75 pereent barium chromate. It is manufactured by

t the C'at iilvst Research Corporation: there are no known manufacturingP
specifications. The heat developed upon combustion is in the -

~. neighborhood of 4.30 cal/gm. (ref. (44)). Because of the satisfactoryZI
S performowce of F:m3B. the testing of 7,3 Igniter has been restricted.

flowever, its initiation,, connbustion, and swoage qualities appear to
besinilar to those of F3.311.

6-6-8 Igniter. TPhis pyrot echnic igniter containing lead. di-exide,
ciupric oxide, artd silicon in the ratio of 6-6-8 parts by we-ht has
b~eenl used expvr!inieniitall.. r', a s' !c de(lay igniter. Tests indicate
that. its impact, static sestvt.ad storage qualities (ref. (44)) arc
sinidnir to those of F3311. Its Iewo. output, is, about 400 cal/gm.
(ref. (44)). 1 lowever, it has been fonnd that, this igniter is difficult
to ignite lit low ambient teniperat tires, andl, therefore, its use is not w
wiflespr(.ad.

Silicon-red lead igniter. :A silicon-red leadl mixture (ref. (45)) has
PeI usedl by Picalimmiv Arsenal to imn 'one of their delay mixtures.

(.orn Met e performncne (ld ft on tiids ur :tiAre are not available.

Gasless delay mnixtutres uisually cannot be ignited directly from a
primer and reqluire a small quantity of igniter to aid in their initiation.
The mixtures are, prftCtiCfllly iVseT1sitive to initiation by s1hock or
static elrctrivity, find their heats of combustion itsually re les than
3.5() cal/gmi.

Zirconium- nck el delay mixtures. A new delay composition of
ti rconlu n-nickel. alley, p~otassium lerchlorate andl barium chromate

has b~een developed by Picatinny Arsenal (ref. (37)). The surface of
the alloy is treatedl with a dichrompte solution (ref. (46)) to prevent
subsequent dleterioration. The storage qualities of this mixture ap- LUh
pear to be good, and it Pppears to be compatiblc with F33B igniter.
No other information on its performance ig available.

Manganese-barium chromate-jead chromnate mixture. The do-
velopmient of a delay mixture composed of mangamie,;, barium chro-
miate, and lead cbroniate is described in references 36, 48, and 49. By
%fljrving the proportions of the iingredients, the bibe
varied from about 3 to 112 seconds per inch of delay column. Tests

have shown Chat this mixture will function ait -651 . (ref. (36)), and
preliminary dlata have indicated that it may perform satisfactorily3
at J) 0 F. bonding p~ressures in the neighborhood of 30,000 psi;
have provedl sufficient to enable this mixture to withstand imnp.Cts G.9
heavy a-s those to which an A. P. projectile is subjected. on being fired

CONFIDENTIAL 2-17
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1~2&JO G":(s. The 4urvteillazir chgirtwt,
4 to be satisfactory when thoe nurigii.

1%% r~ pswtr resitanrce and wheni tFe Illixti11
~'~1 es.No inforn: 01 iA' ava~iflable ot tri,

s 1litre when lonaded ill othewr tyw~of deIIVltdi '
Amztrs C" i a grenisth powtter r'vel)eil 111111
'Ciawst~ Resere (Corortuion. It is rol(lime of
t .iaUn perchiorate, nickel. and barium rhromantp i r

proportions /7'17(..Thre are it() kn)Ow'
specifications. The gurv'eilauce rhararteris, IttV1 of

were known to be noo(r; this fact wits4 Irued to thVI
*iused. Tho mnulftct~urer appesirs to have overcoeon

'~ (rfa.(36) and (50)) byv IV it ~ing the* sitrfitee of thee~red Ai~ke1. Data on lowi temp~eratutre performnue ore t'oi-Wlcin,- (refs. (36) and (50'). One repowrt indirci;~ goodl ierforruane
at -65' F.while the other lists failiures- at -, 3:1 . Aitttonlfl dniafrom Current tesqts indicate that this diffictulty may be dependent uponlthe particular batch of powder being tested.

Barium peroxide-selenium mixture. Agusle'-I dl-ayN funFished bythe iIereiiles Powder Coniphny frel. (50)) has been usedA in electricluze primr Mk uS,.NMk 1 16. and 'ik117 Te mnixtutre is coflip)sedof approximately 80 percent, barium peroxide and 20 pebr,-t seleium.The storage qualities and the (lisp*i-(?inti ppear to he pi;;w 11ref. (52))and recent tests indicate that recliability (ind( low temperature per-
formn-t-, -i e not satisfactory.

7' - 'barium chrieMate-sulfur mixture. Ad(elay ruixtire onirkanganeseC, barium chromate, anid sulfur (re' . 13', (~
a 6. c4 )) was dlevelopedl at Pientinny Antenal Thk' hws b,~e d iscarfled because of limitedl st-orage life at 6)50 C.Antimony- potassium permanganata mixture. A cdelby mixoire coL-n-sisting of antimony and potassium permangnfo..io %I-IF used oeI-IV in (iermany- (luring World War 11 (ref. (5).Vr jiflei f~mto is available, but it is known that, the 1 noistTu-e cN"tenltof the mixture is very critical and (l ta st41fliceit moiqt- meit i fM 880rbd front ;L orinally loadled dettonato~r to) ('hue iiiiire,Silicon delay mixtures. Seve~ral delay ?inixtiire 4rf. (1) 5~(57), (.58) and (59)) developed at P'icati,~ A . otsimit, 'uf ;if;on

red lead, and/or lead chroinate 511( a. hinder. Difficult ies werE'
A)& b uirning after the dlelay lernprts were stubjeetr.(l to 111111110paclorees.

Cobalt delay mtixture. Son](. dat a(f. I ~y ~i l ic
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o~~- mj- eoixitic of at niixtir of surface treated cobalt (ref. (47)),

I eiI(liri I lm10( potasi- 11511111 'iclrilrtiri. "rjli storage qualities of
0i is mnixture ap Jpeared to bev goodl, bt.t to othler information onl i ts
;)erforinuuce is flviihlbe.

Black powder. Black powder is it mchlanical rynixt nre of potassium
(o1 sodium nitrae, charcoalR, and1 sulfur, Ini prop~ortions of 70-75-,
1 -- 16 and i0--14, resr) ect ively. Potassium nitrate is usually used for
fil t ar purposes, whlile soditit nitrate is used in commercial blasting
powdier und Ili sainting irhlarges (ref. (16)). Specifications for var-ious
grade., of black powder for mnilitary uses are given in reference 17.M
Table 2- 6, re produceed fromn thIiis reference, showvs the granuilations of

1wvarious grades.
OnI burning, black'j powder prodliices relatively large amounts of

giisils, toIvetlher witi Iita considcrable ainount of incandescent solid
particles (;Nhit e stuoke. '~I'( analysis of the combustion products
fromn one sanle of biack pow(r is p)resenitedI in tab~le 2-7, which was f
t aken froni reference (18). nPhe heat of combuistion. of black powder -
hais beenI rep~ortedl (ref. (18)) als 7 18 cal/gm. (1292 BTU/lb), while its
flimie teniJpeIattire is recordedl as 38800 F (2138' C). The ignition
t4emlperature of black p)owder varies wvidely withI the test conditions.
Vatluesz repor-ted in reference (11D)) !'or potassium nitrate base powdervavfri 14to20' (elioigoi herteo hain.Une
sAimlilr vonldit toru-, t li ignition temperature of the sodiurn niftrat~e
base powder ul)1)enrs to he ab~out 1000 C higher than that of tlhe
JpotasiSi I i itrate l)OWder-I.

"'lhe pressure- whlich. Witl-~ povvler wvill build1( up in it confined space
'uNI be c'iiicul, !ted froin thev ''tupetus,'' wich miay be defined as the
prvssure tilutes t lie volilnuiw- of dhe ga2ses prod Iced by a givenl weialht Of

VTolic (cii. ft.)XPressure (lb./sq. ft.) _

117t. Powder (1k.-) -Ipes

-'ver,.l (leterillinations of thie jmnpetus of "IC black powder were

;)]ude III dhv. N avat 0-rance Laboratorv using at 300 cc (0.0176 oiu. ft.)I
ho~iih eq'iipned vill; ur. Ahvi-devi type s-train gage. 'lThe results are

(bmrge weight -Peak pressure ImeU0~rarn1 !p~i'~ (ft lb/gb)

- -- *;~j?~..2-19
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"'A , 2-7. Coirbuion of Black Thwder (rf (,.))

; i " ii: It'o t,, sIm ni trat ....... . ..................... 74. 47, '"

"J;: 'owdf'r A rliys iM (r-.rri'r t h~y wl'ht ) . 'J, Sulf'ur----------------------------------------.. ] ' I¢.9 2, ,,

by -------------- ------------------------
lo lvtiet A nadyss .jm-rhd9 1 4.. 2M ''.... 4.. . - 2. .

Ome ----n ~fO--- -------------------------- 241IJ11 lfOLe ( rrt y;I~() I Nt' n......... ........ .. ..................... 2. 91 "

Pro~~~~~liFvdree Analysfs .L~en to w g t)- - --- ------- ---- 2 91
-- -- --- ........ .--. ----------- - .

hr. n . r .d -. . 49.29
Sta Catrtwn ionox e--- --- -------------------- 12.47

7"tJ N itroin . . . . .. ..--------L----------------------- 32. 10

Awlyi if.22 1rortb 0111c

' .,l. ,,f'i~,,s(I,,,r~ y o l y,, d l~ rov'en .stlfid( . . . . .. ....... 2.65 i

HIy dlrogen .. . . . . . .. . . . . . . . . . . . 2.19

i'otn1 .ium sulfdne ------ -.---.-------------------- 14.45

k luklysis of Solid 1'r(,l.! 'n Pflotn sium thlrcyanid --------- --------------- .2
t l'twqhirln nitrale _- . .............---------. 27

.4l rnlon jurnl (arb l,ri.f-----------......................... -. 08 i~ I,.

lfir ------------....... - -------------------------- 8.74
C'artbon ------ ---- ---------------------------------. 08

Black powder ins a el(lnerVy to ablsorb moisture, a property which
11-11V affect its burning charueteristics. Noisture may be absorbed in

sluCh la.-re (11IfI1itities that, the powder w not burn. lte e,,,fct, ,if
2 smaler quantities of inoistire upon the ignitabilitv is shown in figure

';5 (j.f. (N9))). In this in estigation, the black powder was exposedto 1 Ihafiv for it dehfiite time interval. Ten trials were made at each

.lim)e intervil, and the irnioer of igri tions obtained was aesignatet
1.. - -( • ' .) ... r , iilt. wa. plotted against
S e~lmSire tiu, aui , r an igni ion probability ofe x p s u r O ll i e w a sisll ii " ' - ' 1 P ,k 1 0
().7 was ,s(,(I it ealC,,illt.,nfg the ignitability of the sample:

100
ignit of exposure to flame (see)I i

I ilurther dis,.ussiozi of thle ect of moist air on black powder will be

found on page 2-:30.

'hle btirning rate of black powder may be slowed considerably by

Other n ts i. mixti!re (ref 190". The duPont

('ollany nIanufarttres slow-berniqg black powder which bears the --

dt:! ,; t ,,.,. I) -. It has nT ie v" vnAv .pecification.

Th,. (,!!ip l,,)ility of black powder with various n-,eas is shown

lck powder fuses. Bla l owder is used in the construction of

7 ;1~: 1 'r of fuses vill)loved to obtain delays in a number of applica-

Li~mS, il,.!l,(ling fizes. The most widely used types are puickmatch,
lirecricrker fuse, 1111d saf(ety 1lasting fuse.

Quickniatch. Quk ljltt(,.h is male ,y inipregnating a cotton wick
, ;th ?,l(,,i rui'lv pwXdrd((1) or un1,hield blkok nowder. Gum ara-

,'.!i:,er. fis ruse is llylIV sCIIsitive to

I,,, , ro for prope. fun.tiomn'. Quiekmatch

0-01AJ- IPA-2
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1500 FF4 SUPERFINE
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0 6 12
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toirili 11s Is.i normally furnished in diameters of 1/6 to ~iinch., "
Refercence (4(1) pif-i-Fs Governmnent specifications on 30-9econd
itrecrackor fuse.M W

Safety blasting fuise. riiis is mo~ronly known as Ensign Bickford
F, I f is Iinade by braidi ng and spinning cottOn tthread- impreg-

natedl with it tar-like suil)itance over a blac-k powder core and then
coating with wax. It can be obtained with burning times varying
front 2.5 to 120 seco~nds per foot.. It is fairly rnoistureproof. It is
obtainalle only in a dinnietter of 0.2 inch. Reference (41) presents
(uovernnn111it RIpcifications onl 120-second blasting fuse.

-P Other Materials Used in Short Delays
Normal lead styphniate. This has been uised in an experimental

7.Nillisecond (lelstv initiated byv an electric primer. In this applica-
fioli, 10A4 iug of normal lead styphnate is dead pressed at 80,000 psi

inY A, elyavt 4 ineh in diameter and 411.075 inch long. The E RW
brngrates oftefehypreparedl delays are consistent and rangei41 front 3 to 5 milliseconds. H owever, after several montha exposureI

tit 95 pert~ -ttilative hiumidity aind 1400 F, the burning rates becomei
errtici and mnay fail heIOW I illisecond. The survelance deteriora-____
tion is heing Inivestigated.

Normal lead 2,4-dinitroresorcinate. "TIs h-as benused in an
exj)P~rit~til .5-inillis ornd dr-lay initiated by an 'electric primer.
Ninet illig~ramis of lendl Iillitroresorcinate is pressed at 60,000 to
140,000) psi into at cavity, %s inch in diameter and 0.064 inch long.
l'relininar *v dlata indicate that siich delays have satisfactory stability
in su rveillarice ii liler conditi~ons of high tcznperahti-c uild high relative 1

Section 3.-Use and Handling Characteristics oF
Explosive Train Materials"

The pcirforniniame chfiracteristics of explosive train materials areA
,Sidl 'n-1 sect-Nions I anid 2. This section presents data on some r
rf 11f Irecoli N- on chru iractcristlcs, which tire helpful in connection with

Or ld, nnd 11nli~ll-i of these nffiatriflls.K

ise Caracteristics

i),1 a oil loadj~i vl'sr ersus loading (Insity, temperature of
r~:~roror. l'~~: at~'svilsitivjtyv, st orage staialiLyt, coiupatabll ty, I

-,rioh~libility iir c presen(1 1 the folwigprsagrIaphs.
-r ensit 1114 '!it V1ilahle infornirition. onl to effect oi pressure

:,dc~ (I 5'Vof it rrr1xr-l' 3f 'XIlosiveS is sunvimarized in.
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~~T.,;BLE 2-9.-Loading L asity of Fs ptosiots (qnekc# y

."brseOr UM a ta. warl d (2). aid a commo fintai re l .1 . Ut o I1n, Dept.-Ilw.rtt"ENU Army,ODT .f.maret] l )a li(Pro-"*
MferyFutmfnate ... &on a .; aLTeAdid e ............ ()246 ( 21 0 (1) 2S (n 05 (A)'Lq; aq a).

2.. .1 ......... t 72Tetracene ............. Las (a) 47. 3 (t) 1.33 W , V t (i 1. 4 f I 4A . _j

Load $typhnsta (Nor i-
. . . ! ( .12 (a '-)lh( -',u ,a),147 (3123 -AC"C...a1te(RDXv. .... 1 4 '3 1*)- f C. LP& I.t+ ".P E N - . . .......... . ... ...A.1 . 6

Te ------------------ --- i. '4 - : 41r. 3( . in. . . . . . a . . .(Hadft 1
. 

.......... h !) 1. 3M N 1. 
i  

!"IIl "t Ii l ; l+i :

TIN2 T.. L4-49 L 5113 [$5v-iwC o m o s l uo n L .. ... ........... .... ....... ..-- -PentoIue (5 "o) ...... ....... ....... . . .. !- .
Co tiol n A-23 ...... 1 ,2 .......... ) 1fi . I.rierk Acid ............ 1.4 LIS I  . " l " i'i .. , ..... .7+' ..i' +'

.fMd ... ... ... ... I ............
................. ,W,--..-- --........ 7"Tr taonl 80#2M ........ I.... ...... .... !.. . ..t I .... +g

- S.-I1
2 . 4 1. 47 19 L61 .FL33 .7

7,,

table 2-9. in case the explosive im be east, the eastanz censitv ha

been included if available. T 1e -.ryStal densities of the pure explosive -
have also been included to serve as an indication of the uitimate
loading density.

A nomograph which may be usj for estimating the loading denmity j
of several commonly used explosives is presented in figure 2-6 (ref. ,
(42)). Table 2-10 presents data on the loading density of black
powder. Discrepancies which nar K no,j ,,ttrrn I . ,riL.. IM..:
table 2-9 and those obtained from figure 2-6 may be attributed to
variations in loading conditions and materials. Loading density is a
function of particle size distribution and other factorm that depc--d on
the sample and on the conditions of loading. Acrordingly, loading t
TAR1Ir 2 -10.-Effccl of Loading Pressure on the Density of Grade A tWiork Piowdrr

(ref. (;/4))
SI l cgd ij nt, riellet 0.05 inch Ir' daietr X I02- inch !n hrijrhi)

1,31It+ _ _I ry i fec. frn reft -: :

1.7no

I T. M)MIoS Fr I. NV j"(ref. (.V))
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i. )- * MERCURY FULMINATE 3
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t GI1VES APPROXIMATE' VAUE o DeN."4TI 0.8
(USE WH CAUTICW Ar Ic PnSIw-.06
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desity, values should be considered as air approxillnation fl 2'k

would be expected with average ma~terial., and wit), wnx' od i 4

practices.
Temp~M~e o exloson.Thc tettperature of exiposiora is ;jib;ft

well-defined property since the values obtained v ary widely with tile

test conditions. If, however, thle conditions tire edom4 ronJtr11vld,
reproducible values may be L4tue adi.i found Oit~h thle Litlne

required for the excplosion to c..cur is an inver-, (diketion of. thbe tenmpera-

ture. if the log of the tinie required for nn explosion is piottk'

against the reciprocal of thle albsolute4r telnrpera turc, a straight lint* is

obtained. The slope of this line may be u~mi to takulate draiiaition

energ (ref. (25)1). T11P ienipe -tta-re of explosion is thust -4,n-n tibe a

variable which for a given set of tesit conditions5 oan 1,e defined by the

tem-iperature 3t which an exp)lo?!t ion o-'ctiF in a given time and the

slope of the curve of the log of the timlle versuis the reciprocal of the

absolute temperaturc.
Since there is a statistical distribution of energy antong the molecules

in a substance, it may be assinled that at. any temiperaturv aove

absol-tz zero some of the niolecules of a mxetastable 14newill
have sufficient energy to decoinpose. If the heat produred by such
random decompositions is not dis.:sipated, it will raiwe the teijratulie

of the substanc-; in turn, the rate of decompopition will incre'ase,
* Thi sel-accelerating process, termed h "wtho xp in rf

(),eventually will lead to a complete and Irbal .ikt _4oi

Position if it is unchecked, Under no,r-0. ;L0-sg conditions, Lte hvat
generated by random molecular de! (# ti is dimipatedl to tile

surondng ad ~s lf,pstair~ rece T ~CII-quaiiOriifi Ilt a 1ijr~i.

slightly higher than that of it surroundings.
The relationship betr7een the size and shape of the explesive 0111M.

and the temperature necesary for anl explosion to occur is disclssed in, J
reference (1). It defines the former a.R "critical explopion skize"l ant!

the latter as "critical explosion temperature.' Areordingly, all
infinitely large piece of explosive wHi always explode after a fiijite
time, depending on the initial temrrperature. If thle size is finite Sind

the charge is contained in a nonconducting envelope, the iefw celr
ating reaction results in an explosion. However, if tlip salnipli.

finiteo and heat i:, able to escape through its surface, there niy or nifiv

flot 1yJe an explosion.
Any metastable substance bas been considered caipable of sport

talc-cuslY expiodlflg if stored in amount~s whi~ch are $tupereriticIal. F

is estiniated that mercury ftdrniriate in the form of it slih 4.1 I meter
T~thick would explode at tile temiperature of ai IVashing"toll, 1). C. shiln

mer~~~ (90 yinders arid spheres of the sameo mafterini with (1fliml
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E't -s Ir ' S Ietrs an~d 6.0 ineters, respectively, would oMso explode
sp)Jfl~i'tl MIVl (ref. (0")~.

In sp~itv of thle fart, i jiat, the uxplosion teriiperatulre is not a property
(.111 CU) be evith intel with precision, it is nevertheless usciful to have

sonc nlita i i'iidiatonof this property. Tile data presented j
tab~le 2-11 are- relative estirnates of this characteristic . Data show-
ing, the variat ion of C.'~jl0510f timie withi tempecratuire for many of
these explosik('s %61l b- f'otiur in references (23) and (915).

I~. ii.,: 2-i 1. -Er phosion Tcriaperatare (f1e-qrecs C)

I~prsie(29) f (23) (25) (25)2 (35)3

Mf'ery VidukI u t,.. 177-i' I fl>- I ik-". 171 240 195
IAm.I1 Ar.PIP . 33!01M, .31' 340 292
LAed:4, lr h tre ...... N7-28t2 280 229 21101

1 )N..170 ! I95 I 1&)1915 - - --
Tet V'rtl,...... 1q)..-----.....---.............

N i I r!! t!! i , r --.---------------
N 1,4-17 211-2.2 2r, 4532

2M_2
----------------------------------------- ------- -- 1t'g -r

V ) .;C.- 173 170-215 1 5 ], 25o 222

-, f~...........A . - - - - -

itW (.13)1 2,5 ------ 440
T ritiis (v't 2ws io 4.-~ ) G'2-i
.N 1.......................282r 465-570 36---- -- 6
Vir1ratil (.',2 i 2 . f 2~(33); 25.:-rA6....... ..................

---- 
3 56-5110 320 360 - -- --

. . . . . .~-~)''r.ahmiint har w!hod.

Sensitivity to electrostatic discharge. The amoumnt of energy re-
(t16 -I' for the hhilt iat ion of explosives by a source of energy, such as

2n TI Vecti-ic spwrk, Vares idely with conditions. As a conse,1-uence,
Ien-rgyr re-(06lre for juiitt'ion by electrostatic discharge is not a

...... VVP-d;.fi;Icd property of an1 explosive.. However, the possi-
;111iv of c.lzii1CC infilijt ion bveetric spur-ks represents a hiazard in
lio h twIilitig of certalin ex ploives, and( an indication of the* comnpara-

i-1i1li,( - ,! o !tci1~ of various explosives is Of :sonie pracicl A

TIah i j.2 ;2 11)1 '3''s((citrostatic senitvity datat fromi two
Th ~ . l'f, .1PPI Iltu 11se toS~II( obtain the Bureu of '.,-ines data is

'Ies i )) '.e fr-('1 a (41), ,1( thatt used to obtaiin the Naval Ord-
LW -Ihw-ll i. db~tif-. Pfes('rilhef rl eference (230)1 ft appears that,.

I ~i,'., is..;,, .. t!!I-,, s i :.It e rlv crs l- t p X- iO51i i1 . xff ~f
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enlergy (ref. (5)) slowred P, alue of 0.0003 microfarad to be rit U11com-
iiwr. If a person ns(,;iiarged to 5000 volts, which is a reasonable figure,
the c-nerg.,y wold be of the order o.-f 37,500 ergs. Thu11s, it appears
that the highly setisitive explosives imy easlyl be igmited by a spark
fromn a perswn, ainld this conclusionl has beoin expei .en itally conifirmd

Stability of explosive train materials. Table 2-13 gives stability
and survefliance (Na on P niumber of explosives. The vacuumi stabil-
ity te st is it measure of the rate at which gaseni;-- dIecomposition prod-
uicts are liberated 1fiormn a 5-grarm sample of the explosive heated in

~J VnCto, iuually ait 120a C for 48 hours. The thermal stability test
11 nilsires the time required for a 0.5-gram. sample of the explosive,

when heated ilo 13-50 C, to liberate a sufficient quantity of oxides of '4

<-nirogeni to di- olor at strip of mrethyl violet paper. Times are re-

IAI Tmmf 2-1 3.-Stability of Explosives___ m .
Vacuum Stability (10) ahra .

F~ilove Tep I nlgau atns 130CsrelaceCaatrs!
(dg.c cca.59 Iy Time ~ refc

C) 48 bourn (min.)

stiw. .te, (try or wet. (23) (2o)~ Life of 10 to
iavaa 800 C. (27).

SAt .. loo) (23) L.A (40 lirs) ------- Survelllac at 800 0 for 960days showed no nw
1:4. 2P) (1.U7 (40 tn's).. loss of power. (r,)

Lea '1~"~ :4 V tit wit v, tol (2)04(0hs.2rotss ea 0 C showed nf) effect on
VIP (2-3; 0.4 (441 hrs) -power or qensitivity. (23)

PDiNi' . I10 (2:1 7.6 (40 lirs).---- No loss in power after 5 months storage, (try
or wet. Darkens in direct suinlight.

No signilelint cbange after 2 months storage wr
Iat 750 C. (7).

NI~rnhnhlfliDecomposes in a few hours fit 750 C, st-able ait
room texnpcrnture. (7)

* i'i~tx . ;241 135l qu..I 'rvelilance at 65' C for 4 months, no chnnve
iIn stability. qtorage for450%hours at1000 C

caused no decompm~it ten.()
ltD' 1"4 1 [i I. (N4 111-4) .tNA. Stirvellance,no detprioration in 11-l3months

at 65* or W~ C. (7)
l'.l'I. '1 ' 2. ..o 4. Survpliarce, storqre lit #r.5 C for 11 months,

llX 2 . .no decreniso In stubilIfty. (7)
:IDN'A .0. NA 12-LI.....\4 i qui veliihinc. no decrease in stability, slight

4.,.. - - owvrln~ of M. 11. on storage for 4 months at
- 1211 .010 No d,-vorulpositiorr In 185 c~ght-hour rhsy. a~t

I'4t44~~~9-5 C~~2119.O (7)

121 r.~ .. NA,--:-1 ,Qurveillarcc. nj (!eterlornltion. In 14 rmo'ths

1'''121 4.,. .IN~t ' Diws not exud e at C,50 C when waxes meirting
sharply at -b--*e 750 C are sd

NA,4 Sat%. isat- isoie chanicterf.sties. (28)
A. '. ~. . , ~ f trwdynisture. (28S) Contaict with

III) . 214 2 eavy metals forrnq expl~osive salts (7; e
i- W. ,2 i %'A satsfactory storalgo charmcteri-dtic. (2s)

r . .0 120) 0 2 N.. k -,,W~ac-try 5tornee eharaeterisflics. (28)
'N'T' r.11 ('-, lvq.) . N jsatisfactory storfkge ehrw6~si . (28)

211~- A' .~ . ithfeoyst1gIC1L1'lLI. (2S) No

I fl pnil4l e irtiirI'. (23)
S!;141C 4.1 !uilnidity is not irzoessivO. '14e
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corded in minutes. The tomt wnso dim ontiruiepd if rus ost-6,
observed at the end of 5 hourn; this~ reptilt ig jfldllC*ted( h the r'yrnbf,
NA (no action). A description of the vacuoumsind thermial ritawlit.
tmd~ methods is given in reference (29).

The surveillance charftctetljtic4 (if black pow dir lire Of pfirt icuiiI
inverest because of the widIl se of this inateril. i1t canl lw said thal
black powder has remarkably good surveilIlance eharrict eristirA provid uI
it is kept rea.-Analbly (Irv. Potassittn niltrate iA sollubic in water ani~
will be leached out if the powder comes in contact with liqjuid water,
Likewise, if the relative humnidity *ieccmes- high enough, water willcondense on the powder and a leaching act ion will occur. Lit Was foundit
(ref. (30)) that~ at, 86* F no leaching occurred at relative humidities
of 89 percent or below, but fliat leaching did occur at imi percent
relative humidities. T1heoretical considerat ions i nd( ieft te thaftt leachi rig,
will occur if the relative humidity i-i suich as to correspond Zo at par tal 7U
pressure of water vapor which is equal to or higher thaun the vapor
pressure of a saturated solution of potassiuim nitrate. Usinz litera-
tin-c values for the- vapor pressure of water anl of snturate1 pota_.oqiiusm
nitrate solution, the foliowing djata, have been calculatedi.

Tempenur dt Abe" Whiri
Nee C) mftk Powdwr Will Be A

44)4

80 I U
Compatibility of explosive train materials. rhe availa!ble informna- =vtion on thle compatibility between explosives find explosi'ves, and Mbetwcen explosives and structural materials is summarized in table2-14. The explosives are listed i the approxinlate order of dereas-

iigsensitvivity a. hyapa ntbe - n - ihbakpwl o g t h y a p e a r z n a b l e 2 - a n d 2 -4 w it b l a k p w d e-atded to the list.. The data Irk tablle 2-14 are limitcd to moist condi-tions. Some of the source references contain compatibilityv data oh- M.tailn under (dry conititiori.s, bu~t these h avc not bpfn inlue becs
in, mlost Cases therc, was njo ait,;ricethtmostr, ascmpctl
excluded. c trosuewscmlti

Soluiliy ofexposiv-. he availab~le data onl the solubilities of
a number of pure explo-Sives III water, alcohol, acetone, and benizene
1C* sumnaj i/Ae in, tale 2-1.
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EC U R T iI. flwOR4A T 10N TAt-L 2-1 I.-om,i-iitIf ~ A

(Code: A -No reaction; 1USlight rmkctlon; C - Reacts n.adily: D - ieacts to !,.m 4rdthme mate.

MaterwJ In Contaet With EzpIosive ,SMercury L . S Lad i !)

tulml- ,t Ph- ',dinitr.- PETN i W
na1 Fiat*~ 1 an,V go u -------- ....... --------.....-----.-------- ---.. ......---M agnium .. C 3 .. . " B23).A lo m u m -- -- ----- .. ..... ... ... ... ... .. -- -- -_ _. .. .... .. .I X

....... A ) .... A(23) A
Zi c- - - --- - - - - - - -_ - _- __.................. . .. . . .. . . .. .. .. . ................. .. . . .. . . . 23A ) C C (27 -- - -........ .......... n '

.- on ------------------------------------------.. . ............... ... ... ... .. A r _ ....-- - ------, .. ..... .............. ............ .................... ..... A.: : C (2r)~~l: .. ..1........ D (V .. ...A... ...
T in t ... .. .. --- d----- _ -------- p- t ..... ................... ............... ..... ...... .. A " 7 .........i ........ r B '

C ~ i m l te . l.. ......... .... .. ------ . ...... .. -- - -- - - .. ........ .. .. .. . . . . .I. . . . ) . .

j t A2 .----- ----------------------------------------------------- -I----------------------------
Copper .......... ... ..................... )

Nle~~eipl stel ................................ . ! ! " " .....---- ---------------- --- - ------------------------------ -.................... .........&4e ..wit .a .d proof b. .paint . ..............
Cadmium plated steel ..................................... ................ ........ )
Co p te d ste el ................................................... .. ...... . I -
Nickel plated steel .................................................
= -, P!te goel .......................... ............. :.... " ...... ......... ..... ........... -I . ........ ........ ........... 3

Tin platedt l ........ .................................. ..ated........ ........ B .
Parkeried - l ................................................... -. -.. A

. . .. . . .. ..... ..... ..... ..... .... ................ . ....... ..........) ........ . . . .
Steel with baked oil inish .. .. . .. .. ... . ..... .... .... .. --- -- - --- ------ --- --M u. .. .. um a ........ ................................................... ..... ........ I .

M. .. .... .... ... ... ,..........=.................== ...... ----- -- - -- * - -- '- II.-- :-
Ti . .. . . .... . ......................................................... .. . - - 23 J _ D ) . . . . . ...... .. .Bronze .... .......................................... ................................. ................. .......... I A
g ' a d ........................................................ . . I
Tin~ k Pl tee h rom e -- - ................................................ . . .. . .. ... ...... 1 -a------------------------------------------------------------------------ ---------------- -------- . . ........
Stales steel (I".. ) ................................................................... A ) A A ( ) A
Stainlesssteel (18 chrome) ------------------ -------..-...--------------------------- A7) - - - - - - - .. ....A
Leadyitl------------------------------------ --------

..e.... Asd AC(7) ----Black owde .................................................................. - - .... . .....

Reported to react slowly to form sensitive salts, probably under slightly acld.c conditions.
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irstivetwats.'.a. Matrei" niumbers In parentheses refer to sources of date. (4) refers to footnote;

EXPLOSIVES

~EYN MDX Uft. PTX-2 1!TetzyIJEDNA *-paa,.eI p--1 Mo~Blck
tWDUJSA -a 56145 1add~ powder

3(39C(23)I B23)1 C(3 ..... I----
23 (iii) A( 23) A(2)s A(3I) j.-B(23) A(23) B 23) B23) ... A131) ---- -. A(31)

.. .. AQI) B(3!) .. ...---- ----------.------ A(31) B (31)3(31AM3 B(31) 3).................................(1-------t) 3)
B(21) AI .... (-2). A M ', C(!) C(23) B3(23) B(23) . .C (23) ..... -------- A (31) C(31)

.. A C31) ... ..... .......... .A (31) -- -- - -- - -- - -- - -- -- - --.--...- .. . A (31) C (31)

N)1 IC------ C31
....2 .....). ......... .......... ) ..------- B( -------- ---------- 31)-. .. (1 ----

321331 B23~.......A(31) C23) B('23) ; B(23) C(23) ........... 331).:4 3)(1
R(3 C2)-----A : ::::.I C3p~Vl. . . .A(31 C 2 )A 3)-------- -------- - - - - - - - - - - -- - -- A 3 ) : - - - - A 31 Z11

( ...................... ...... ------... ... B(31) . ...... .. . A(1) C.'32)
B(....... i ...... 23... . ........ .... 03)-

MI -1 ...... El) ~ -s~ ---------- CCj------A I B P23) Bi)

B(1 (....(31) B rdZ) A (.23) C(Z A(s......)1 BP1I A

B(3 .... ...
- - .................................. . . . . . . . . . . . . . . . . ..-........... ........ - -----

......~~~~~03 9 5 .... ... e .. ... .-- - -- -30)-- -A ( 1

. . . .. . .. . . .. . . .. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Il~~ . . .. . . -- - - - - - - - - - - - - -- - - - - - - - - - - - -- - - - - -

...... ........... ..... .............----- ----- ------------ -----H 123) Apa 1 B 23) ..... .1 31; C(3) A(5 B -1
.... . 1 ......------3 --------" .....------- - B 3 1 ----B ( 15c .
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.T i :., 2-15.- SoDailHify ef E4rpoqI0v-.v in t (fyr Cqit~mr Solvents (Gramm1100d

[I Uetervne iui , it tn-r,.i enu I jn.es itir:te , rc if filt. . ,,~ Itt (Or 1. refer:t to (("i f I, ds

jWater p-~hyI Alrobaf Ar-oe -iet

16 Tmp S.Ilbiijty Tep Sl- Tem p Solu-

C) ~ I C) billty NPC) biity

Mr 1aryFluinat" (37~) 12 I .........................................

II .. l iS t  .

FloS (21 Ir A91 20 2 ,1, f 0. VA)

9.4(1 60 3.3M

7.10

It0.-1 f ) 0 7., 20 7.
Prtryl (2 1 i 4.,6)3 6:o 0

fit oI5( Io, to)( I Ni; .10 12. 5

C10A A2 VA) 30. 50 13

SO 2.0,00 61) 1 . ......

xn~~~( 16s4.7 11

loo 20)

21-9I1].15.0298)60(10

W) 4,...... .. .....

10 0 7 ._. . ..... ...
(z;) j*lCi 1) 5, 1 1

ra~j.0 1ift(I~! 30. pr'sn ( Ln 21 . 2a lthi t2bl i67
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(7) ()SI) Report No. 2014, Compilation of Data on Organic Explo-

k8I' Lit ile. A. I)., Study of Pure Explosive Compounds. C-57625,
Offlice of Chjfef of Ordnative (Contract No. W-19-020-Ord-6431,

( ubidc42, M~ass. 1947. (.S- 1204 3). W

(f9) ()SHi Rtepmrt. No. 5:30(1. Heat of Combustion of Explosive
Su1hslances. .Jilv 1945. (S-83:39).

(10) 0S I)D Report No. .5746, Physical Testing of Explosives. No- 4
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(11) NOLN1 1033fi, The Sensitivity of High Explosives to Purc-
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(12) 0SI 1?I) Report No. 804, Methods of Physical Testing. Auigust
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facture of Barium Chromate Delay Powder in a Semi-Plant
Sea] e, Fehriiai'v 28, 1946. (S8-12921).4 1;. ~ o sm;.s, Utouitoi F -tov. Di. A. GC. Troisdorf. (S-1 3285).

( 7 I) 4t r. froi Rtoyal Navy Science Ser-vice, Dept. of Research Pro-a
~:1:711rn1S 111d I'Ia111innig IM, ;%ssistant Naval Attach6 for Ord-

1~ m''.t-.S.1..iihssv. dated ji'v28 948. (S-18026).
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Aulgwst 29. 1940.

(17) Spefication .JAN-1'-293; Nitional Military Establishment Sped-.
fication. Powder. Black. May 31. 1945.

(1s) lDaN s, '1'. 1,., The Chemistry of Powder and Explosives. John
Wly& Soyis, New York, 1943.

19) Burvini of N~finvls lReport 1R. 1. 3782, StudAieS of the Eff'"ect of
Humidity on the Sensitivity and Dispersion of Black Powder,
Noveniular 1943. (8-21703).

210) A Maniual for Explosives Laboratories, Vol. HU Explosive Corn
pounds and Allied Substances, page 1B-5, by G. D. Clift and
Dra. B. '11. Federoff. L'eflax Society, I.,hialpa,1943.

21 ) eiictin.AN--3 Quickmatch, August 1946.
22 ) 0SI111) Report. No. .5401, Introduction to Explosives, by G. B.
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I' ir, rt rvAr,11cc w 'Jeimind~ Report, No. 1740, Properties of

VEVxplosives of Military Interest, by IV. It. Tomilinison, Jr..
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.~Jl!~l~i 10,i'\VE''' ri I 4x)IsiVe, iIcotinny Arsenal Course
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sitions. January 1949. (S!.-25077).
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CHARACTERISTICS OF PRIMERS
rThe printer usually occupies the initial position in the explosive

train and, accordingly, is generally the most sensitive eleme~nt in the

train. The pritning inixtuire inay be initiated by either mechanicalRA,

or electrical energy. Fiize prine rs are classified as stab, percussion,

or electric, depending on the nature of the initiation. Available

inforination onl the characteristics of each of thejse types is summarized

inl the following svetions.

Section 1: Stat 'Primers

General Performance Characteristics
Stab primlers are sinall, initiating elemients that are highly sensitive

to the action of at stab-type firing pin. The explosive charge is

(leSiglled to evolve IL (quan1tity Of gas at highl temiperature for the pur-

poseI)'~ of; (I) Necornplishing iitechunicai worki; (2) initiating a burning

artion in pyrotechnlic and( explosive charges; or (3) initiating the

~ ~M~l~i~'Ccharge in at flash dletonator.
Applications. Stilb primners are used lby the Navy. to perform

Mechanical work. For examnple, Primner Mk 102 expands the inner

rop of ik fuze of the Mlk 28 type and drives a firing pin into the second-
ary priltner. Prinier Mk 100 in one application drives a pin into a

glass vial.
Still) priners fire used by the *Arniv to ignite a black-powder

chtirge. Ari Yrinier N145 includes an ignition charge within the

stab' prIl seINN~l in adl(litionl to the priming charge. Although

* A-illa practice has b~eeni to use percussion type primers for the

*initiatimr of sealed~ dlelay ceuients, several foreign fuzes which have
leiililtil have a stab primier, together with its firing pin,

etiviose(l wit~hlticii illa elenient. In one such fuze, initiation results

frotin setback fores; Ai another, initiation results from impact forces.

Advantages. Stab primnerS may11 be made to possess a higher degree

(if sensictivity thaun perteu"SicO1 Irnws Therefore, where little energy

(or init iating ..n Cti)IOii i rIS, is 61bl stab primiers mnay be used

Diavnae.Stilb pri*ners "'I inititted by driving o- firing piM

II")thc S; psit v( eld oIt tho primier case. T'he resulting hole allows

('Ot011s lo !)I-odi ct 5 to escap from this end of the primer. In many

:iii *,II, it tlec;;gtiis uinds-irable from the standpoint of pressurer

F imi'"1.~v.IIi ,m~ii~i Vof fouiilng, mloving_ uarts.


